Eucommiae Cortex (Eucommia ulmoides Oliver Bark) has been used for anti-osteoporosis usually as an ethnic drug for hundred years in China. In this study, a bioactive compound, 5-(hydroxymethyl)-2-furaldehyde (5-HMF), was isolated from Eucommiae Cortex. We found that after rat bone mesenchymal stem cells (bMSCs) were induced by 5-HMF at the concentration of 0.05, 0.10 and 0.20 μg/mL in the normal medium for 7 and 14 days, the mRNA expression of ALP, COL1α1 (7 days only), OCN and OPN increased. However, in the adipogenic induction medium (AIM), the mRNA expression of PPARγ, FABP4, C/EBPα and LPL decreased with the 5-HMF treatment. Mineralized nodule formations were enhanced after bMSCs were induced by 5-HMF for 14 and 21 days in normal medium. In the AIM medium, 5-HMF not only inhibited the formation of adipose cells obviously, but also stimulated the mineralized nodule formation after induced for 21 days. These results indicated that 5-HMF was a powerful inhibitor of adipogenesis and enhancer of osteoblastogenesis. It may be one of the constituents contributing to anti-osteoporosis in Eucommiae Cortex.
Osteoporosis being associated with osteoblast dysfunction, or unbalance between osteoblast and osteoclast activities is wellknown. It has become a serious health problem in the world, particularly in the elderly. Both osteoblasts and adipose cells of the bone are derived from common multipotential bone mesenchymal stem cells (bMSCs). These two lineages underline the reciprocal relationship during the differentiation [1a, 1b] .
Eucommiae Cortex (Eucommia ulmoides Oliver Bark) has been widely applied to "improve strength of the bone" for hundreds of years in China. The role of Eucommiae Cortex in anti-osteoporosis in experimental animal and in osteoblastogenesis of bMSCs in vitro has been reported in decades. Some extractions isolated from Eucommiae Cortex using different methods are able to activate osteoblast and facilitate osteogenesis, and some extractions suppress osteolysis by decreasing osteoclast activity [2a] . Both water and MeOH extract of Eucommia Cortex increase activity of alkaline phosphatase (ALP) of rat bMSCs, stimulate the formation of mineralized nodes markedly [2b], and promote osteopontin (OPN) and osteoprotegerin (OPG) expression [2c] . Eucommiae Cortex also increases the level of serum estradiol (E2), reduces bone Glaprotein (BGP) and urine hydroxyproline (HOP) contents, and enhances tibia-bending force and lumbar bone mineral density of ovariectomized rats with intragastric administration [2d].
As a natural resource, Eucommiae Cortex contains at least dozens of bioactive compounds. Although anti-optesporosis and osteoblastogenesis promotion effect of Eucommiae Cortex have been reported, the chemical compounds remains unclear. In the present study, a chemical monomer molecule promoting osteogenetic differentiation from Eucommiae Cortex was isolated using alcohol and ether extraction, and further purified using HPLC. The compound was confirmed as 5-(hydroxymethyl)-2-furaldehyde (5-HMF, CAS： 67-47-0) by comparison of the NMR data with the SDBS database (Spectral Database for Organic Compounds, http://sdbs.riodb.aist.go.jp/sdbs/cgi-bin/). For further confirmation of the bioactivity, a chemical compound of 5-HMF obtained from Sigama-Aldrich Co. (Lot# BCBF6127V, 99%) was used to induce rat bMSCs in vitro and the effect on osteoblastogenesis and adipogenesis was investigated.
After bMSCs was induced by 5-HMF for 7 days in normal medium, mRNA expression of ALP, collagen type I α1 (COL1α1), osteocalcin (OCN) and OPN, the molecular markers of osteoblast, increased at 0.2 μg/mL of 5-HMF compared with negative control. After induced for 14 days, ALP, OCN (at 0.05 and 0.2 ug/mL), and OPN increased obviously, but COL1α1 decreased ( Figure 1 ). Collagen type I is the most important abundant extracellular matrix (ECM) protein. It is considered as an early osteogenic marker [3a] . An investigation found that rhTGF-beta 1 stimulated collagen synthesis to reach its maximum at day 2 [3b]. In our study, we observed a decreased level of COL1α1 with the treatment of 530 Natural Product Communications Vol. 9 (4) 2014
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5-HMF for 14 days, indicated that the collagen synthesis exceeded its maximum.
Compared with negative control, mRNA expression of peroxisome proliferator-activating receptor γ (PPARγ), fatty acid binding protein-4 (FABP4), CCAAT enhancer-binding protein α (C/EBPα) and lipoprotein lipase (LPL), the molecular markers of adipose cells, increased significantly after bMSCs was cultured in AIM for 7 and 14 days. After induced by 5-HMF for 7 days, mRNA expression of PPARγ and FABP4 (both in 0.1 ug/mL) decreased, and PPARγ, FABP4, C/EBPα and LPL, decreased significantly after induced for 14 days compared with that cultured in AIM ( Figure 2 ). 5-HMF stimulated mineralized nodule formation of bMSCs after induced at 0.2 μg/mL for 14 days (Figure 3 ) and at 0.05, 0.1 and 0.2 μg/mL for 21 days in normal medium ( Figure 4 ). Staining of alizarin red S and absorbance detecting also showed that 5-HMF stimulated mineralized nodule formation ( Figure 5 ). Adipose cells differentiation appeared obviously after bMSCs culture in AIM for 7 days and later, and were inhibited noticeably after bMSCs were induced by 5-HMF for 7 days and more significant for 14 days. After 21 days, little adipose cells could be found, and mineralized nodule even appeared obviously ( Figure 6 ). Absorbance of Oil Red O after bMSCs cultured in AIM plus 5-HMF for 14 days also showed the effect of inhibition (Figure 7 ). Both the decrease of adipose cells and the increase of nodule showed a concentrationdependent manner of 5-HMF. The results of this study indicated that 5-HMF was a powerful inhibitor of adipogenesis and enhancer of osteoblastogenesis, and strongly suggested that 5-HMF could be one of the compounds for anti-osteoporosis in Eucommiae Cortex.
Many food or crude drugs contained 5-HMF [4a, 4b, 4c] , which is also considered be produced as a decomposition or conversion products of carbohydrate under some conditions by Maillard reaction [5a, 5b] . Many physiological and pharmacological effects of 5-HMF have been reported. The results of investigation showed that when Sheng Mai San, a Chinese herb complex, was boiled in water, a novel component was obtained, and the structure was identified as 5-HMF by EI-MS and NMR [6a] , It was considered as a new pharmacological component produced from heating process of the drug. 5-HMF from Eucommiae Cortex could inhibit lipid accumulation of 3T3-L1 cell line at the concentration of 100 μM (be equivalent to 12.6 μg/mL) [6b]. Other roles, including hepatocyte protection and anti-apoptosis [7a] , antivirus [7b], and anti-oxidation [7c], have been reported also. To our knowledge, the role of 5-HMF on osteogenic promoation and adipogenic differentiation inhibition in bMSCs induced by 5-HMF has not been reported yet. In addition to physiological and pharmacological effects, several toxicological effect of 5-HMF have been reported. Research data showed that 1% 5-HMF (be equivalent to 10 mg/mL or 79 mM) would promote the growth of aberrant crypt foci (ACF) in the rat, and it may be an initiator and a promoter of colon cancer [8a] . The results of investigation showed the hepatocarcinogenic potential of 5-HMF originates from the formation of mutagenic 5-sulfooxymethylfurfural (SMF) which is prone to react with DNA via nucleophilic substitution [8b]. The genotoxic activity of 5-HMF was investigated using the single-cell gel electrophoresis (SCGE) 5-HMF inhibits adipogenic and enhances osteogenic differentiation of bMSCs Natural Product Communications Vol. 9 (4) 2014 531 Figure 6 : 5-HMF inhibited the formation of adipose cells when bMSCs were cultured in AIM plus 5-HMF for 7, 14, and 21 days. At the day 21, little adipose cells could be found, and mineralized nodule appeared obviously as well. assays, and the results suggest a weak genotoxic effect in the HepG2 cells at concentrations from 7.87 to 25 mM [5a] . It is worthwhile to note that the concentration of 5-HMF in toxic experiments are very high. Therefore, further investigation is needed to understand the toxic activities or side effects of 5-HMF at the physiological or pharmacological dosage.
Experimental
Cell culture: Bone marrow was separated from Sprague-Dawley rats, 100g weight, male or female, and cultured in normal medium of DMEM/F12(1:1) (Hyclone, Thermo, Beijing, China) containing 10% (v/v) fatal bovine serum (FBS) (Hyclone, Thermo, Beijing, China) at 37 °C and 5% CO 2 condition in 100 mm plastic culture dish (Corning, NY 14831, USA.). After the cells reached the confluence, they were trypsinized and subcultured.
Induction of 5-HMF:
Cells from the 3th or 4th passage were divided into two groups. One group was cultured in the normal medium. the other group was cultured in adipogenic induction medium (AIM), i.e. normal medium plus dexamethasone 1μmol/L, indometacin 200 μmol/L, isobutyl methylxanthine 0.5 mmol/L and insulin 10 μg/mL. 5-HMF (99%, purchased from Sigma-Aldrich Shanghai Trading Co., Ltd. 41F K. Wah Centrre, 1010 Huai Hai Zhong Road, Shanghai, China, Lot： BCBF6127V) was used at the concentration of 0.05, 0.10 and 0.20 μg/mL. All cells were cultured for 7, 14, and 21 days. The culture dish culture in normal medium without 5-HMF was used as a negative control. 
Isolation of total RNA and RT-qPCR:

Name
Forward Reverse GAPDH 5'-AGACAGCCGCATCTTCTTGT 5'-CTTGCCGTGGGTAGAGTCAT ALP 5'-TGCAGGATCGGAACGTCAAT 5'-GAGTTGGTAAGGCAGGGTCC COL1α1 5'-TGGTACATCAGCCCAAACCC 5'-GAATCGACTGTTGCCTTCGC OCN 5'-GCGCATCTATGGCACCACCGT 5'-TTGGAGCAGCTGTGCCGTCC OPN 5'-GCCCTGAGCTTAGTTCGTTG 5'-TCCTGTAAGTTTGCCTGCCT PPARγ 5'-ATTCTCAGTGGAGACCGCC 5'-GCAGAGGGTGAAGGCTCATA FABP4 5'-AATTCGATGAAATCACCCCA 5'-ATGCAAATTTCAGTCCAGGG C/EBPα 5'-GGGAGAACTCTAACTCCCCCA 5'-TATAGACGTCTCGTGCTCGC LPL 5'-TCCAGCCAGGATGCAACATT 5'-TAGGGCATCTGAGAGCGAGT
Adipose cells and mineralized nodule formation:
The morphosis of adipose cells and mineralized nodule was observed under phasecontrast inverted microscope (Nikon, ECLIPSE Ti-U, Japan). The staining of Oil Red O was used to confirm the differentiation of adipose cells. Briefly, after the bMSCs were cultured in 24 well cell plate for 2 weeks in AIM plus 5-FMF, cells were washed using phosphate-buffered saline (PBS) for 3 times. Then the cells were fixed by 4% paraformaldehyde for 30 min, and then, Oil Red O was used to stain adipose cells for 30 min. After Oil Red O was decanted and cells were washed using water for 3 times, 0.5 mL isopropanol per well was used to dissolve Oil Red O stained in 532 Natural Product Communications Vol. 9 (4) 2014
adipose cells. The absorbance of 500 nm was detected by Enspire 2300 Multilabel Reader (PerkinElmer). Mineralized nodule be confirmed using alizarin red S staining. Briefly, cells were washed in PBS, and then fixed in 4% paraformaldehyde (m/v) for 1 h. Cells were rinsed in ddH 2 O for 3 times and stained with alizarin red S (pH 4.2) for 1 h. Then the cells were washed with water for 3 times.
To confirm the mineralized nodule formation, 0.4 mL 10% cetylpyridinium chloride per well was added to release alizarin red S from the nodules, and the absorbance of 562 nm was used for detection.
Statistical analyses: Data were presented as mean ± S.D. and analyzed by the Student's t test and p<0.05 were considered to be statistically significant.
